PURPOSE Although screening for unipolar depression is controversial, it is potentially an effi cient way to fi nd undetected cases and improve diagnostic acumen. Using a reference standard, we aimed to validate the 2-and 9-question Patient Health Questionnaires (PHQ-2 and PHQ-9) in primary care settings. The PHQ-2 comprises the fi rst 2 questions of the PHQ-9.
INTRODUCTION
U nipolar depression is second only to stroke as the leading cause of disability-adjusted life years. 1 The incidence of "any depressive condition in the past 12 months" is estimated at 18.1% in a New Zealand family practice study. 2 Given that 80% of the population visits their family physicians each year, 3 family physicians are in an excellent position to improve the diagnosis and management of depressive disorders.
In the absence of systematic screening, family physicians miss at least 50% of cases of major depression. 4 The value of screening for depression in primary care is under debate, with the Unites States (US) Preventive services task force making the case for screening, 4 and the Cochrane review coming to the opposite conclusion. 5 The 9-item Patient Health Questionnaire (PHQ-9) 6 has been recommended for depression screening in primary care. 7, 8 Subsequent to screening in primary care is the issue of diagnosis. The PHQ-9 is a potentially valuable tool for diagnosis and management of depression because it can generate a diagnosis of major depression, as well a continuous score to monitor treatment. Of recent interest has been the use of fewer screening questions, 9 including the use of the fi rst 2 questions of the PHQ-9. 10 These 2 questions, known as the PHQ-2, ask about the frequency of the symptoms of depressed mood and anhedonia, scoring each as 0 (not at all) to 3 (nearly every day). The validation study of the PHQ-2 by Kroenke et al included a sample of 580 primary care patients and a reference standard interview conducted 48 hours later. 10 We believe this number of participants to be modest, and there are methodological issues associated with the delay of the reference standard interview. What is not fully known are the relative benefi ts of initial use of the PHQ-2 or PHQ-9 for screening in primary care.
The aim of our study was to validate the PHQ-2and PHQ-9, using the computerized Composite International Diagnostic Interview (CIDI) as the reference standard, [11] [12] [13] in a larger cohort of primary care patients by administering the reference standard immediately after the screening test, and to compare the validations of the PHQ-2 and the PHQ-9. Specifi cally we wished to investigate the yields obtained with the PHQ-2 and the PHQ-9 at a range of thresholds compared with the scoring system originally described by Spitzer et al in 1999. We use the term PHQ major depression (original) to describe the Spitzer scoring system, which requires a score of 2 or higher on at least 1 of the fi rst 2 questions and then a minimum score of 2 or higher on 5 of the questions. Clinically this scoring system is onerous to calculate, and we wished to see how these criteria compared with simple additive scores.
METHODS
We report data from 1 arm of a 3-armed randomized control trial of screening for depression in primary care: one group received the PHQ-9 8 ; a second group received the Two Questions With Help Question (TQWHQ) 9 ; and the third, a control group, received no screening. The CIDI was administered as a reference standard to all groups. 11, 14 The setting was those family practices in Auckland who were willing to participate and able to provide a separate room for patient interviews. The study took place from 2006 to 2009. Patients were approached in the waiting room consecutively by the research assistant and asked to participate in the study.
Recruitment
Family physicians in Auckland who worked more than 2 days a week in practice were eligible for the study. A fee of NZ$9 per patient was paid to each family physician to compensate for time spent on the study and on reassessing patients found to be suicidal on the questionnaires.
All eligible patients who gave informed consent were enrolled in the study. Eligible patients included those aged 16 years older who were able to communicate in English and who were not suffering from any brain injury, dementia, terminal illness, or intoxication. Patients were recruited consecutively to obtain an adequate spectrum of disease. Although we were more interested in screening patients who were not taking psychotropic medication, it was not feasible to exclude these patients at the time of interview.
Measures
The PHQ-9 has 9 questions with a score ranging from 0 to 3 for each question (maximum score of 27). A threshold score of 10 or higher is considered to indicate mild major depression, 15 or higher indicates moderate major depression, and 20 or higher severe major depression. A threshold score of 15 or more is used in some settings to consider initiating treatment with antidepressants. 7, 15 
Procedures
The study was conducted according to the STARD guidelines. 16 Upon consenting to be part of the study, participants were invited by the research assistants into a private room to complete 1 of 3 randomly assigned screening questionnaires (PHQ-9, TQWHQ, or the control questionnaire eliciting demographic information only), after which they were administered the reference standard CIDI interview on a computer. The screening tools were prepackaged in brown, opaque, sealed envelopes (according to a concealed randomization code), which necessitated using practices with a spare room to facilitate an on-the-spot interview and to ensure privacy. The research assistants administering the CIDI were blinded to which arm they had been assigned and to their screening results.
The computerized CIDI is a software program that takes between 1 and 10 minutes to complete (1 minute if not depressed, or up to 10 minutes if depressed) and uses the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM IV) 17 and its equivalent, the International Classifi cation of Diseases, Ninth Revision (ICD-9) 18 diagnoses. We recorded only the DSM IV diagnoses, using the depression module, which indicates a diagnosis of depression and dysthymia. It also captures past episodes of depression. We did not use the bipolar (mania) module, as doing so would have lengthened the interview time. The CIDI may require a higher threshold score than the PHQ-9 for diagnosing depression.
The research assistants were instructed to remain blinded to the answers on the patients' screening questionnaires. They were also trained in administering the CIDI depression module and instructed not to assist patients with the CIDI unless there was extreme diffi culty. After the CIDI interview the patients saw their family physician, who could read their results from the screening questionnaire. On occasion, a patient was seen by the physician before the CIDI could be administered, and the CIDI was administered after the consultation. A subgroup analysis determined that the timing of when the physician saw the patient did not signifi cantly infl uence the CIDI results. The physician then completed a form saying whether the patient was depressed and whether the physician offered any mental health treatment. Family physicians had access to the screening results and were expected to deal with any issues of suicidality. Physician data will be reported elsewhere.
The methods and procedures used in this study were approved by the Northern Y Regional Ethics Committee, Ministry of Health (ethics approval number NTY/06/09/080).
Statistical Methods
All statistical analyses were carried out using the Centre for Evidence Based Medicine calculator on the University of Toronto Web site (http://www.cebm. utoronto.ca). Sensitivity and specifi city were calculated comparing the scores on the screening tests with the reference standard. The sample size for the study was based on the power calculations for the randomized trial for a 21% difference between the 3 arms of the trial, which suggested a minimum sample size of 5,500 for the 3 groups. The fi nal sample size of 7,757 for the 3 groups was determined by the amount of funding for the study, as we were interested in getting a well-powered study through the largest sample possible.
RESULTS
A total of 8,260 patients were approached (with the PHQ arm being one-third of the total); 358 refused (4.3%), and 145 did not complete their interviews (either the screening questionnaire or the CIDI interview), leaving 7,757 patients for analysis. Of these, 2,642 patients completed both a PHQ-9 and a CIDI interview, for a 95% response rate (2,642 of 2,795). The demographic characteristics of the PHQ-9 sample are shown in Table 1 .
The prevalence of major depression in the past month determined from the CIDI data was 6.2% of the study population. Included were patients who were and were not prescribed psychotropic medication. The number of patients on psychotropic medication was 242 (9.12%). Tables 2 and 3 display the sensitivity, specifi city, positive and negative likelihood ratios, positive predictive value (PPV, also known as the posttest likelihood for a positive test), and posttest likelihood of a negative test (PTL-, or 1-negative predictive value) for the PHQ-2 and the PHQ-9 when compared with the CIDI reference standard.
As an example, on Table 2 , a PHQ-2 score of 2 or higher has a sensitivity of 0.86, meaning that 86% of those with a major depression will be found to be positive on the PHQ-2 screening test. The specifi city of 0.78 means that 1-0.78, or 22%, of those who do not have depression will have a positive score (ie, a falsepositive fi nding). The PPV of 21% means that of all those with a positive PHQ-2 screening test will have a major depression and that 79% will have a false-positive diagnosis. The higher the PPV, the better the test. The PTL-means that for those who have a negative PHQ-2 screening test, 1.2% will have a major depression (ie, a false-negative fi nding). The lower this score, When the positive likelihood ratio rises, so does the PPV, and when the negative likelihood ratio falls, so does the PTL-. Further discussion can be found in Guyatt et al. 19 In Tables 3 and 4 the entry row "PHQ-9 major depression" refers to the original description of major depression, wherein 1 of the fi rst 2 PHQ-9 questions has a score of 2 or higher, and at least 5 questions have a score of 2 or higher. 8 According to Table  4 , which compares outcomes with the CIDI determination of depression, the most cases of depression were detected when the PHQ-2 score was 2 or higher and a PHQ-9 test score was positive, whereas the PHQ-9 major depression (original) determination detected the fewest cases. The number of patients with depression detected by a PHQ-9 score of 10 or more (n = 121) was signifi cantly greater than number detected by the PHQ-9 major depression determination (n = 73) (P <.001). Although depression would be detected in more patients using a PHQ-9 score of 10 or more, more patients would have false-positive scores and might receive treatment when, in fact, they do not have major depression. This situation may resolve clinically during follow-up where patients' serial PHQ scores register as not depressed or no longer depressed. The proportion of patients who would need to receive a PHQ-9 test after a positive PHQ-2 test score of 2 or higher would be 26%. When the threshold score for the PHQ-2 is 3 or more, 11% would need to receive the PHQ-9 test.
DISCUSSION
We report the fi rst assessment of the PHQ-2 in an exclusively primary care population. The 2-question screen was very sensitive for a diagnosis of major depression when compared with the CIDI, with sensitiv- ities of 0.96 and 0.86 for thresholds of 1 and greater and 2 and greater, respectively. The price paid for this high sensitivity, however, was a modest specifi city of 0.60 and 0.78, respectively. At the commonly used threshold score of 3 or more, the sensitivity was 0.61 and the specifi city was 0.92. The PHQ-9, in comparison, had similar sensitivities but good specifi cities. The fi nding that a score on the PHQ-9 of 10 or higher was more successful in detecting cases of major depression than the original determination of the PHQ-9 for major depression (ie, with 5 questions scoring 2 or higher, including at least 1 of the fi rst 2 questions) suggests that the original criterion may be too strict for clinical practice.
Strengths and Limitations
The strengths of this study are that all the patients were from primary care and they all received the CIDI reference standard assessment immediately after the PHQ-2 screening test was completed. Ours is the largest primary care study of the PHQ-2 in terms of those who received a reference standard assessment. The research assistants were blinded to the screening questionnaire, and they administered the CIDI assessment without looking at the results of the screening test. The patients were invited into the study consecutively, ensuring that there was an adequate spectrum of disease. The acceptance rate to participate in the study was high. The concern that the CIDI threshold score for depression is higher than the PHQ threshold score has been answered in that the original description for PHQ major depression is similar to a threshold score of 15 or higher on an additive score, whereas more patients with depression are detected using a threshold score of 10 or more. A limitation to the study is that it was conducted in a New Zealand population and may not be completely generalizable to other primary care settings in which the PHQ-2 is utilized.
Interpretation of Findings in Context of Previous Studies
Another study to include a primary care sample (but not exclusively) reported a sensitivity of 0.83 and a specifi city of 0.92 when the PHQ-2 (threshold score of 3 or higher) was compared with a health professional interview in 580 patients. 10 The patients who received the reference standard interview had to be contacted within 48 hours of the screening interview, which may have introduced a bias into the results in that the more reliable patients returned for the reference standard interview.
A study conducted in older patients using the DSM-IV as a reference standard reported a sensitivity of 1.0 and a specifi city of 0.77 for the PHQ-2. 20 In a study of maternal depression in a low-education population with the Edinburgh postnatal depression scale as the reference standard, the sensitivity and specifi city for the PHQ-2 was 0.435 and 0.972, respectively. 21 The sensitivity was higher for women who were educated beyond high school compared with those who were not. This fi nding suggests that the sensitivity at least can be infl uenced by demographic factors.
In a cardiology clinic the PHQ-2 was compared with the Diagnostic Interview Schedule as a reference standard, and the sensitivity and specifi city were 0.39 and 0.92, respectively. The PHQ-9 also did not perform well in this setting, with a sensitivity of 0.20 and specifi city of 0.90, respectively, for a threshold score of 10 or higher. 22 A further study conducted in an outpatient clinic in Germany found a sensitivity and specifi city of 78% and 79%, respectively, for major depression determined by a PHQ-2 score of 3 or more. 23 The prevalence of depression was 25.4%, which is much higher than a screened primary care population, and the reference standard was in a subpopulation of the whole group.
At a threshold score of 3 or higher and using a recognized reference standard, our sensitivity results for the PHQ-2 are generally not as high as those of other studies. This outcome may be the result of a truly consecutive sample of patients in primary care, a reference standard that was administered immediately after the screening test, or simply chance.
Implications for Practice
For clinicians who wish to screen their patients for depression, we suggest they ask patients to respond to the fi rst 2 questions of the PHQ-9 (ie, the PHQ-2); if their score is positive (if they score 2 or more), the patients should then complete the PHQ-9. At a PHQ-2 threshold score of 2 or more, 26% of patients will continue to complete the full PHQ-9; at a threshold score of 3 or more, 11% need will continue to complete the full PHQ-9.
That 63 patients with major depression would be missed at a threshold score of 3 or higher on the PHQ-2 would probably trouble most primary care clinicians. If clinicians prefer to miss as few cases of depression as possible, then a PHQ-2 threshold score of 2 or more rather than 3 or more would be prudent. For this reason, we recommend the 2 or higher threshold score on the PHQ-2 to be more certain that all those with depression are detected. Thus the price paid for a more complete detection of depression would be to have 26% of patients complete the full PHQ-9 (ie, an additional 7 questions).
The PHQ-2 can be a useful and time-saving tool in assisting primary care physicians with screening for depression. Patients can be asked to complete the full PHQ-9 if their score is 2 or higher. Using a threshold score of 2 or more reduces the case-fi nding load, with only 26% of patients needing to progress to the PHQ-9. We believe this threshold score has clinical advantages over a threshold score of 3 or higher in that more patients with depression will be detected. A reevaluation of the original PHQ-9 criteria for major depression may also be needed, as the simple additive score PHQ-9 of 10 or higher identifi ed more patients with depression than the originally described (and more time-consuming) method for scoring the PHQ-9. 
